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ABSTRACT
Nutrition has shown to impact the level of cognitive function in individuals. Through the
analysis of nutritional diets, this new research will aim to uncover the impact that diet has on
cognitive function of Bryant University students by analyzing their ability to perform on a
variety of cognitive assessments. This study will provide recommendations to students at
Bryant University on what they should eat so they can perform their best academically. This
research will also investigate whether Bryant University is offering the best food for students
to eat setting them up for success.
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INTRODUCTION
The brain is a complex structure with multiple elements allowing it to complete a variety of
functions with the proper nourishment. Nutrition is important to the nourishment of the brain
because the physical brain structure and communication sectors of the brain need specific
nutrients to function at high efficiency.
Cognitive function refers to the overall ability of the brain and its mental abilities, including
learning, thinking, reasoning, remembering, problem solving, decision making, and attention
(Altschul D., 2020). The many distinct aspects of cognitive function work with other areas of
the brain to allow it to process information and complete certain tasks. The main cognitive
functions include memory, speed, reasoning, verbal fluency, and visual-spatial. Memory is
split into two types of memory: episodic and working memory. Episodic memory is a
person’s ability to remember details of events such as the plot of a story. Working memory is
a person’s ability to simultaneously keep information available in the mind such as a
telephone number. The speed domain in the brain represents how fast a person can think and
complete tasks. Reasoning represents a person’s ability to solve new problems with nonverbal
information. Visual fluency represents a person’s ability to work with verbal information such
as processing what someone says and responding to the statement or question. Visual-spatial
is a person’s ability to interact with physical objects, this includes making objects with tools
or manipulating physical environments. Visual perception is the brain’s ability to make sense
of what the eyes see. Attentiveness is one’s ability to pay close attention to something and
focus (Altschul D., 2020). All these different areas of the brain operate together to complete
the complex functions we ask the brain to do. When one of these areas is not able to function
to its highest capacity cognitive function decreases.
There are many different beneficial nutrients that have been shown to positively affect one’s
cognitive function. Omega 3 fatty acids are commonly found in fatty fish such as salmon or
cod and have been shown to help build membranes around each cell in the body, including the
brain. Building brain cell membranes helps improve the structure of neurons and stronger
neurons means stronger connections. Flavonoids which are common nutrients in berries
contain antioxidants reduce oxidative stress and inflammation both which have been shown to
contribute to cognitive decline and brain diseases. Similarly, glucosinolates, a nutrient in
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greens such as kale and broccoli have been shown to also reduce the oxidative stress in the
brain. Vitamin B is a nutrient found in a variety of foods such as chicken, eggs, and dairy
which has been shown to boost the production of neurotransmitters. Without a steady supply
of neurotransmitters in the brain, individuals become more at risk for cognitive decline
specifically memory loss and neurodegenerative diseases such as Alzheimer’s. Choline is
another beneficial nutrient found in meat, fish, dairy, eggs, fruits, and vegetables. Choline is
responsible for producing the neurotransmitter acetylcholine and protecting one’s nerves. A
lack of choline can cause memory problems, poor learning, and mood disorders.
Malnutrition and food insecurity is an issue that causes people to be unable to properly fuel
their bodies. Malnutrition is when the body does not get enough nutrients leading to
deficiencies, excesses, or imbalances in a person's energy requirement. The number one
reason for malnutrition is the lack of financial resources (Coleman-Jensen, 2004). In the
United States, 1 in 9 Americans reported being food insecure at some point during 2019
equating to an estimate of 37 million people (Coleman-Jensen, 2004). Food insecurity is when
one’s food intake or eating patterns have to change as a result of lack of money or other
resources (Coleman-Jensen, 2004). Food insecurity usually results in malnutrition which can
cause many physical and psychological issues. Nationally it has been estimated that 1 in 3
college students deals with food insecurity which can affect their academic performance in
school.
Many studies have been conducted in developing countries and have focused on the effects of
malnutrition and lack of sufficient food on cognitive abilities. Most of the studies fail to
address developed countries and how malnutrition or improper nutrition affect learning in
school. This study will examine the relationship between nutrition and cognitive function and
look to discover the impact of nutrition of undergraduate students at Bryant University. This
relationship will help show students what they need to fuel their bodies with, so they are able
to perform their best academically.
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LITERATURE REVIEW
Malnutrition’s Effect on Cognitive Achievement
Multiple studies have shown that malnutrition can result in poorer performances in academic
achievement. Individuals that have suffered from malnutrition tend to perform lower on
cognitive function tests. Kar, Rao, and Chandramouli (2008) examined the effects of nutrition
on different cognitive function such as phonemic fluency design fluency, selective attention,
visuospatial working memory, visuospatial functions, verbal comprehension, and verbal
learning and memory on children with chronic protein malnutrition. In this study there were
two general groups of children, a malnourished group and an adequately nourished group,
with 20 students each. Within the two general groups there were two different age groups: one
group of 5-7-year-olds and the other with 8-10-year-olds. In total there were 4 groups: one
group of malnourished children with one group being ages 5-7 and another group 8-10, and
another group of adequately nourished children with one group being 5-7-year-old and 8-10year-old. These children were then asked to complete the NAMHANS neuropsychological
battery for children which is a variety of tests to evaluate their motor speed, attention,
visuospatial ability, executive functions, comprehension, learning and memory.
The results revealed that malnourished individuals have lower performances on all cognitive
functions compared to nourished children. In addition to lower cognitive function, the overall
rate of development is slower for malnourished children (Kar and Rao and Chandramouli,
2008). This means that these children lag their peers in terms of cognitive function and are
unable to catch up since their brain does not develop as fast as it should. The authors
discovered that out of all the cognitive functions measured, selective attention and verbal
influence were the only two that were rapidly developing in malnourished children. Other
brain functions such as working memory, design fluency, visuospatial function,
comprehension, learning and memory showed much lower rates of improvement compared to
the rate of improvement in adequately nourished children. Chronic malnutrition affects
children and the overall function as well as their brain development. The inadequately
nourished children start behind their peers, and it is also impossible for them to ever catch up
since the development of these functions are also slower.
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The reason for these cognitive functions being delayed is due to the delay in the structural and
functional maturation in the brain. The brain structures affected the most are the dorsolateral
prefrontal cortex, the right parietal and bilateral temporal cortex (Kar and Rao and
Chandramouli, 2008). Specifically, the authors discovered a delayed myelination of the
neuron’s axons and reduced overall development of branches of dendrites, which allows
neurons to make new synaptic connections. Both effects seem to result in poor performances
on the cognitive function tests (Kar and Rao and Chandramouli, 2008). Myelin allows a more
rapid impulse conduction in neurons and delayed myelination is when the myelin surrounding
the nerves has not fully developed (Branson, 2013). A lack of myelin leads to slower
communication between neurons, resulting in lower cognitive performances. Dendritic
arborization, the increased branching of the dendrites, affects the synaptic connections that are
being made in the brain (Jan YN and Jan LY, 2010). The dendrites surround the nerve cell’s
nucleus and help receive signals from other nerve cells. Reduced dendritic arborization
therefore decreases the number of synaptic connections that can be made and lowers
communication between all the neurons (Jan YN and Jan LY, 2010). The slower
communication between neurons due the combined effects of the delayed myelination and the
dendritic arborization results in messages being sent slower throughout the brain resulting in
lower cognitive function and a longer time to complete tasks (Kar and Rao and Chandramouli,
2008).
Other studies have found comparable conclusions that malnutrition results in a slower
cognitive development in children. Acharya et al. (2019) conducted a similar study focusing
on the effects of malnutrition in children using a survey that collected demographic
information along with the ASER survey, which assesses reading and mathematical ability, to
evaluate cognitive function. This study revealed that the malnourished children scored lower
on the reading, math, and grade level assessments. One of the metrics used to evaluate the
data in this study was the height-for-age z scores which takes into account the participants’
height and age. The z-score is a reference to how far an individual participant is from the
mean. On average, based on the height-for-age z score, the malnourished children scored 1/3
of a grade lower than a child that was not malnourished, so for a child that is in second grade
the malnourished version of that child would in grade 1.33 (1/3 through first grade) (Acharya
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et al, 2019). This study also discovered that thinness, Body Mass Index (BMI) -for age, a
measure of acute malnutrition, was associated with lower math scores and the higher one
weighed was associated with higher reading and math scores. A status of underweight for the
weight-to-age score resulted in a lower reading and math score and was ¼ of a grade level
lower than a child who was not underweight. These discoveries further confirmed that chronic
and acute malnutrition affect cognitive achievement.
Nutrients Absorbed Impacts Cognitive Function
The specific nutrients that are acquired are also important in one’s diet. Many studies have
shown that the nutrients matter and a lack of certain nutrients can cause specific issues with
cognitive function. Anemia, a lack of red blood cells that is often due to low iron levels, has
been shown to specifically affect cognitive function and development as it results in lower
oxygen delivery to cells, including brain cells. Iron-deficient children generally do poorer
than peers and have a more difficult time in visual-spatial and motor skills along with
delays/disruptions in the shifts in cognitive processing expected during adolescence and more
anxiety and social discomfort (Lozoff et al, 2000). This study further demonstrated that the
iron-deficient group showed lower verbal and full-scale IQ scores and lower achievement test
scores in reading, writhing, and arithmetic. No matter the age, the children that had suffered
from iron-deficiency in early infancy had lower scoring performances on the memory tasks,
which involves the skills of visual-perceptual vigilance, attentiveness, and visual-spatial
memory (Lozoff et al, 2000). Iron deficiency in the critical points of brain development
creates long lasting effects. These children suffered from iron deficiency when they were
younger and 8 years after being iron sufficient, they are still not able to perform as well on
average compared to non-iron-deficient peers. This reveals that nutrition in the critical points
of life is extra important and if there is malnutrition in that stage of life, the effects can be
irreversible.
Murray-Kolb and Beard (2007) found comparable results. Their study discovered that adults
aged 18-35 with iron deficiency had lower cognitive abilities, but when they were given iron
supplements their cognitive function improved. The different result from this study was that if
iron deficiency occurs in the noncritical years of brain development, which is after the first
two years of life, the effects are in fact reversible. When adults suffer from lack of iron, their
-6-

Food for Thought: The Relationship between Nutrition and Academic Performance
Honors Thesis for Sarah Freeman
cognitive function will be lower but once that deficiency is resolved, their cognitive function
will improve. In addition to the lower performance on certain cognitive tasks, it has been
shown that it also takes increased time to complete the tasks. Levels of two different blood
proteins that contain iron were shown to play a role: ferritin, a protein that can store iron, and
hemoglobin, which transports oxygen in our blood, were shown to relate to cognitive
performance (Murray-Kolb and Beard 2007). Higher levels of both ferritin and hemoglobin
increase the rate of cognitive function and decrease the time to complete cognitive tasks.
Akitsuki (2011) came to a similar conclusion that nutrients play a significant role in cognitive
function. The more nutrient balanced the meal the higher cognitive function was reached
(Akitsuki, 2011). The level of cognitive function is not solely dependent on the mere
appearance of food in the diet but more importantly the various nutrients that are absorbed.
Eating a breakfast that contained one nutrient did not improve cognitive function but by
absorbing a variety of nutrients cognitive function could be improved.
Malnutrition Impacts Brain Development in Specific Brain Structures
Malnutrition specifically alters the functions of certain brain structures which results in the
decrease of cognitive function. Protein synthesis and the development of correct protein and
lipid structures are a large part of how the brain develops. Multiple nutrients in food promote
the activity of enzymes that help create proteins in the brain (Adibhatla and Hatcher, 2007).
Malnutrition alters the activity of these enzymes which then affects the protein synthesis and
protein structure involved in the creation of lipids into various brain structures (Morgane et al,
2002). In the brain, lipids help with the overall structural development of the brain, impulse
conduction, myelin sheath formation, and function as signaling molecules (Adibhatla and
Hatcher, 2007). If the brain is not structured correctly the neurons cannot send signals
properly to one another. The brain sends signals and communicates to the rest of the body
through the nervous system and the signals between different neurons. The lipids in the
various brain structures help develop the various parts of the neuron (Adibhatla and Hatcher,
2007). When the neuron is not properly developed it cannot communicate properly, or as
efficiently as it could. This results in less communication between the brain and less
communication does not allow someone to function at their highest capacity.
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Malnutrition specifically in the prenatal stage is detrimental to the fetus. Proteins are
specifically important in the development of brain structure. Proteins consist of amino acids
and if a fetus misses even one of the essential amino acids, many proteins cannot be
assembled which can have a large negative impact on fetal brain development (Zamenhof,
1991). A study conducted by Morgane et al (2002) revealed that malnutrition in the initial
stages of life can result in a change in the hippocampal formation due to low protein and fatty
acid intake. The hippocampus is the center of the brain that plays a key role in learning and
memory located in the temporal lobe. Protein and fatty acid intake are vital in the
development of the hippocampus (Morgane et al, 2002). A decrease in proteins and fatty
acids led to a decreased volume of the hippocampus and the cerebellum. Since there are fewer
cells that means that there are less neurons in the brain resulting in decreased communication
and less efficient cognitive function.
Protein restriction in certain animals can result in lower levels of the neurotransmitters
dopamine, norepinephrine, and epinephrine in the carpus striatum and cerebellum (Mathangi
and Namasivayam, 2001). Similarly, another study conducted by Shoemaker and Wurtman
(1984) found related results of a decrease in dopamine concentration in the striatum. Other
researchers have found that there is also a decrease in dopamine concentration in the
prefrontal cortex, hypothalamus, and hippocampus (Alamy et al., 2005). Dopamine,
norepinephrine, and epinephrine all help make the brain function as efficiently as possible so
the protein malnutrition decreasing the presence of all three alters the functioning capability
of the brain. Norepinephrine helps to stimulate activity in the brain and increase the overall
efficiency of the brain. Epinephrine helps neurons communicate with one another so the
higher the epinephrine levels the more communication the brain has. Dopamine helps play a
vital role in the brain, especially with memory and focus. The presence of dopamine helps to
increase the memory and focus a person has. Therefore, the decrease in dopamine
concentration in these areas can attribute to learning deficits decreasing cognitive function.
All these surveys examine the impact of nutrition on cognitive function but focus on the
relationship between nutrition and cognitive function in low-income, third world countries,
where malnutrition tends to be more severe. My study plans to examine the relationship
between cognitive function and nutrition in a developed country with mostly middle-class
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individuals. The study will examine the level of nutrition of undergraduate students at Bryant
University and how their academic performance is affected by what they eat.

STUDY ONE
Methodology
The purpose of my study is to examine the relationship between nutrition and cognitive
function. To investigate this relationship, data was collected through a survey and a focus
group, approved by the IRB, was conducted to investigate student’s opinions about the dining
on campus.
The survey consisted of 37 questions about diet history recall, adapted from a vetted survey
from the National Cancer Institute, and the rest were demographic and academic related
(Thompson FE et al., 2017). Demographic questions were collected to see if there was any
other compounding variable that influenced GPA or if it was the nutrients consumed that were
affecting GPA. The demographic questions addressed the participant’s class, gender, work
status, and size of household growing up. The academic information questions were asking
about GPA, honors program participation, major, and minor. Each participant went through a
shortened version of a diet history recall. The diet history recall consisted of a variety of
different questions that aimed to grasp the average intake of fiber, whole grains, added sugars,
dairy, calcium, processed meat, and red meat. The list of questions can be found in Appendix
P.
All the survey questions asked how often one ate a certain food and the options ranged from
never – how many times a month – how many times a week – how many times a day. The
questions were in a random order to help get the most accurate answers. The results from the
survey were analyzed using correlations and a multiple regression model to see if cognitive
function is affected by nutrition.
Data Collection
A total of 106 participants representing all four classes responded to the survey. All
participants were current undergraduate students at Bryant University. Each survey
respondent was presented with a series of diet recall questions about the last month to analyze
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their daily nutrition intake. The survey also included demographic questions and questions
relating to academic performance to analyze the relationship between nutrition and cognitive
performance. Of the 106 respondents 43% were male and 57% were female, 19% were
seniors, 25% were juniors, 26% were sophomores, and 30% were first year students as shown
in Appendix A and B. Regarding participants being a part of the workforce, 31 % of the
respondents participate in the Bryant University’s Honors Program while 69% do not as
shown in appendix C. Graphic visualizations of the demographic data from the survey can be
found in Appendix A.
Analyzed next was the average GPA by gender revealing that females had a higher average
GPA with an average GPA of 3.61 while males had an average GPA of 3.39 as shown in
appendix D. When looking at GPA by grade, there was a statistically significant difference
between first years and juniors versus sophomores and seniors. First years and juniors had a
lower average GPA with average GPAs of 3.39 and 3.37 respectively, which sophomores and
seniors had average GPAs of 3.69 and 3.68 respectively as shown in appendix D.
When looking at the frequency intake of nutrients it was revealed that first years and juniors
had a more frequent intake on average of sweetened beverages and added sugar compared to
sophomores and seniors and a lower GPA on average, as shown in appendix E.
Analysis and Results
To form conclusions, statistical analysis using SAS Enterprise Guide was initiated to measure
interaction between contributing variables. All the diet frequency questions were evaluated
against each other to see if any variables caused collinearity with each other. The analysis
revealed that none of the variables had too strong of a relationship together to not be included
in the regression equations together. To assemble the reports, correlation was run analyzing
the nutrients individual relationship to GPA and a linear regression model was run where
GPA was predicted using the main different nutrients groups (fiber, whole grains, added
sugars, dairy, calcium, processed meat, and red meat) according to how the vetted survey
grouped the questions. Fruit consisted of 100% juices and fruit intake, dairy consisted of
cheese, pizza, milk, and ice cream intake, added sugar consisted of cereal, ice cream, soda,
sweetened drinks, cookies, pastries, candy, and coffee with sugar. Sweetened beverages
consisted of soda, sweetened drinks, and coffee with sugar. Whole grains consisted of cereal,
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whole grain bread, brown rice, and popcorn. Fiber consisted of cereal, brown rice, whole
grain bread, cheese, pizza, milk, ice cream, popcorn, soda, sweetened drinks, cookies,
pastries, candy, lettuce, fruit, potatoes, juice, beans, vegetables, fried potatoes, tomato sauces,
and salsa.
Correlation
Correlation was conducted on all the variables relating to GPA. When running the
correlations, I controlled for gender. The variables that were positively correlated with GPA
were cheese, fruit, juice, candy, brown rice, and vegetables. This reveals that an increase in
any of these nutrients could result in a higher GPA. The variables negatively correlated with
GPA were pizza, milk, soda, sweetened drinks, coffee with sugar, pastries, and salsa. This
reveals that an increase in any of these nutrients could result in a lower GPA. Diving in
deeper to the variables and looking at them by gender the variables that have stronger
correlations for females are fruit, juice, candy, and vegetables. A stronger relationship for
females than compared to males meaning that the increase for any of these nutrients for
females an increase in these nutrients could more likely result in a higher GPA then males.
The variables that had a stronger correlation for males than compared to females are cheese
and brown rice. A stronger relationship for males than compared to females means that the
increase for any of these nutrients for males an increase in these nutrients could more likely
result in a higher GPA then females.
The variables that were negatively correlated with GPA were pizza, milk, soda, sweetened
drinks, coffee with sugar, pastries, and salsa. This reveals that an increase in any of these
nutrients could result in a lower GPA. Diving in deeper to the variables and looking at them
by gender the variables that have stronger negative correlations for females are pizza, soda,
sweetened drinks, coffee with sugar, pastries, and salsa. This reveals that these nutrients have
a stronger relationship for females than compared to males meaning that the increase for any
of these nutrients for females an increase in these nutrients could more likely result in a lower
GPA then males. For most of the nutrients the correlations are very similar in value, but
certain nutrients had significant differences. Pizza and soda were two of the nutrients where
the correlations were much stronger for females than for males. The variables that had a
stronger correlation for males than compared to females are milk and pastries. A stronger
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relationship for males than compared to females means that the increase for any of these
nutrients for males an increase in these nutrients could more likely result in a lower GPA then
females.
Cereal was an interesting variable where for males it was negatively correlated but for
females it was positively correlated. This reveals that when males eat cereal their GPA could
decrease but for females their GPA could increase. Another interesting result from this
correlation was candy. Candy was positively correlated meaning that when one eats candy
their GPA could increase. Cacao does contain flavonoids and the antioxidants similar to fruit
meaning that it can provide the same benefits to the brain that fruit which could reveal why
candy is positively correlated with GPA. The results are shown in appendix F.

Linear Regression
Fruit
Linear regression was computed comparing the variables relating to fruit (juice and fruit) with
GPA to see if the more fruit is consumed the higher one’s GPA. A significance was found
relating fruit and GPA, p =0.042. This analysis revealed that the more fruit present in one’s
diet the higher the GPA will be. The model for the linear regression equation is 3.67 + 0.0223
(fruit) + 0.018 (juice) and both values are significant with p-values under 0.1 (fruit p = 0.039,
juice p = 0.052) as shown in appendix H. When looking closer into the variables the
coefficient for fruit is higher than juice showing that if fruit and juice had the same increase
the increase in fruit would have a larger positive impact on one’s GPA.

Dairy
Linear regression was computed comparing the variables relating to dairy (cheese, pizza,
milk, and ice cream) with GPA to see if the more dairy is consumed the higher one’s GPA. A
significance was found relating dairy and GPA, p =0.0424. The model of the linear regression
equation is GPA = 3.769 + 0.018 (cheese) - 0.0884 (pizza) - 0.01656 (milk) as shown in
appendix G. All the variables were significant: cheese had a p-value of 0.08, pizza had a pvalue of 0.0081, and milk has a p-value of 0.092. The coefficients for the variables reveal that
cheese has a positive effect on GPA while pizza and milk have a negative effect on GPA and
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the more consumption of these two products decreases GPA. Although the coefficients for
these variables look small if an individual has pizza 3-4 times per week that could have a
significant decrease on their GPA (-0.088 *5 = -0.44). Their GPA would not fully decrease by
0.4 because they would be consuming other foods, but this goes to show that although it does
not look like a significant decrease, since the coefficient is small, having pizza multiple times
per week can significantly affect one’s GPA. This analysis revealed that the more dairy that is
consumed the higher one’s GPA will be.

Added Sugar
Linear regression was computed comparing the variables relating to added sugar (cereal, ice
cream, soda, sweetened drinks, cookies, pastries, candy, and coffee with sugar) with GPA to
see how the amount of added sugar consumed affects one GPA. A significance was found
relating added sugar and GPA, p =0.0262. The model of the linear regression equation is GPA
= 3.6315 - 0.002(cereal) + 0.0244 (ice cream) - 0.0382 (soda) - 0.0534 (sweetened drinks) +
0.00148 (cookies) - 0.035 (pastries) + 0.0526 (candy) - 0.01103 (coffee with sugar) as shown
in appendix A. The variables cereal, soda, sweetened drinks, pastries, candy, and coffee with
sugar are significant with a p-value under 0.1 while ice cream and cookies were not
significant. By looking at the coefficients one can see that cereal, soda, sweetened drinks,
pastries, and coffee with sugar all decrease GPA. The only variables that are significant that
increase GPA is candy. One potential reason that candy could increase one’s GPA is because
certain candies such as chocolate includes the nutrient flavonoids which contains antioxidants
that reduced oxidative stress benefiting cognitive function. Overall, by looking at this it is
noticeable that the more one consumes added sugar the lower their GPA will be.

Sweetened Beverages
Linear regression was computed comparing the variables relating to sweetened beverages
(soda, coffee with sugar, and sweetened drinks) with GPA to see how the number of
sweetened drinks ones consumed affects one GPA. A significance was found relating
sweetened beverages and GPA, p =0.0067. The model of the linear regression equation is
GPA = 3.76136 - 0.03249 (soda) - 0.04950 (sweetened drinks) - 0.00367 (coffee with sugar)
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as shown in appendix J. All the variables are significant with a p-value under 0.10. All the
variables have a negative coefficient meaning that the more often these beverages are
consumed the lower ones GPA will be. When looking at the specific beverages the beverage
with the largest decrease is sweetened drinks such as vitamin water and sports drinks. The
drinks purported to enhance health appear to have the strongest association with lowered
academic performance.

Whole Grain
Linear regression was computed comparing the variables relating to whole grain () with GPA
to see if the more that whole grains are consumed the higher ones GPA. There was no
significance found with this model (p-value = 0.98) so there is no relationship between the
number of whole grains consumed and GPA. This analysis revealed that number of whole
grains present in one’s diet appear to have no effect on GPA.

Fiber
Linear regression was computed comparing the variables relating to fiber (cereal, brown rice,
whole grain bread, cheese, pizza, milk, ice cream, popcorn, soda, sweetened drinks, cookies,
pastries, candy, lettuce, fruit, potatoes, juice, beans, vegetables, fried potatoes, tomato sauces,
and salsa) with GPA to see how the amount of fiber one consumes affects their GPA. A
significance was found relating fiber and GPA, p = 0.048. The model of the linear regression
equation is GPA = 3.59 - 0.022 (cereal) + 0.012(brown rice) + 0.02 (cheese) - 0.058 (pizza) 0.032 (milk) - 0.026 (soda) - 0.049(sweetened drinks) - 0.04508 (candy) +0.001 (fruit) +
0.003(potatoes) + 0.004 (juice) + 0.049 (vegetables) - 0.01 (fried potatoes) - 0.061 (salsa) as
shown in appendix K. The variables that were significant were cereal, brown rice, cheese,
pizza, milk soda, sweetened drinks, candy, vegetables, and salsa. This regression model
shows that the more fiber that is produced more specifically items that include fiber and not
lots of added sugar such as brown rice, potatoes, and vegetables instead of fried potatoes, and
cereal will help increase one’s academic performance.
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Nutrient Groups
After analyzing all the nutrients groups separately all the nutrients were averaged together so
they were concentrated into one variable. Correlation and a regression model were run for the
variables fruit, dairy, added sugar, sweetened drinks, and fiber against GPA.
The correlation revealed that fruit and dairy were positively correlated with GPA showing that
an increase in one’s intake of fruit and dairy could increase ones GPA. Added sugar,
sweetened beverages, and fiber were all negatively correlated with GPA revealing that an
increase in any of these nutrients could possible decrease one’s GPA.
A significance was found relating all the nutrients to GPA (p=0.0382) meaning that all the
different nutrients have an effect on GPA. The linear regression equation is GPA = 3.80325 +
0.03386(fruit) - 0.05536(dairy) + 0.09746(added sugar) - 0.12337 (sweetened beverages) +
0.02429 (fiber). All the variables in the equation were found to be significant with a p-value
of less than 0.10. This linear regression reveals that overall, an increase in fruit, fiber, and
dairy will increase ones GPA while an increase in added sugar and sweetened beverages
could decrease ones GPA. Sweetened beverages which consist of sports drinks, energy drink,
etc. have the largest negative effect GPA.

Compounding Factors
In cognition there are multiple different factors that can affect cognitive performance. To see
if the nutrition has an impact on cognitive performance, the data was separated by gender,
grade, and major. When looking at these regressions, the results were still similar. The data
had the same positive effects on GPA (fruit, fiber, and dairy) and sweetened beverages and
added sugar all decreased GPA. Although the coefficients were of different values the
positive and negative impacts were the same. This shows that the nutrition does have some
effect on GPA, and it is not just due to influencing factors.

Bryant University Dining Options
These results have shown similar findings to other studies that ask comparable questions.
College students are slightly different from other age groups because they get to choose what
they want to eat and for most students, it is the first time that they are on their own.
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When looking at the average GPA by dining location, this study revealed that students eating
mainly at Salmonson dining hall and the Rotunda and library Cafés have the highest GPA
with average GPAs of 3.77 and 3.64 respectively, while students who eat at Nick’s Place and
the AIC Café have the lowest average GPAs with GPAs of 3.37 and 3.35 respectively.
The regression equation that was run against the different dining locations results matched the
average GPA results. The regression equation that was produced was GPA = 3.57 +
0.225(Salmo) – 0.168(Nicks) - 0.188(AIC) + 0.156 (Cafe) - 0.023(other). The locations that
had positive coefficients were Salmonson dining hall and the Rotunda/Library Café’s while
Nick’s Place, the AIC Café, and other (Dunkin Donuts and The Scoop) all had negative
coefficients. The location with the strongest positive coefficient was Salmonson Dining Hall
meaning that eating at Salmonson Dining Hall more frequently would have the most
significant positive affect on one’s GPA which eating at the AIC Café would have the most
significant negative affect on one’s GPA with the largest negative coefficient.
When looking at where students like to eat on campus it was discovered that more variety
resulted in better cognitive health for the students. A majority of students eat at Salmonson
dining hall. The difference between Salmonson and other areas on campus is the variety of
food that is offered. In the other areas of campus there is usually just one cuisine of food
offered and it seems that variety is key for cognitive health. When looking at the linear
regression model that was created the highest coefficient was Salmonson. A majority of
students eat at Salmonson and Nick’s Place, pub-type food, and out of those two options
Salmonson seems to be the better location since Nick’s Place offers more fried food and fried
potatoes did not benefit people’s cognitive health.

STUDY TWO
Methodology
In addition to the survey, a focus group was completed. There were 10 participants in the
focus group, 5 males and 5 females, all of them are undergraduate students at Bryant
University. The purpose of the focus group was to determine what students thought of the
different food options at Bryant University. This focus group gave a deeper insight into what
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different food options are offered at our school and why students chose the options that they
selected. The focus group was led with starting questions to turn this focus group into a
conversation.
Analysis and results
During the small discussion with 10 different students, the different nutrition options at
Bryant University were discussed. A majority of people felt that there were not enough
healthy options on campus. Since Salmonson dining hall closes on campus at 7:30pm, which
is before night classes are let out, the only main option for hot food is Nick’s Place.
Students especially felt that if they were up late studying, the only option for them was to eat
from Nick’s Place or get snacks from the Café. Nick’s Place serves mostly fried, pub-type
food which when looking at the results from the study, do not provide the best nutrients for
cognitive health.
Participants were also asked about the most popular items to eat at all the locations. The
Café’s offer a variety of different options ranging from sweets to healthier snacks such as
vegetables and fruit. Most students never opt to buy the healthier options though and instead
buy the snacks because of the prices. A student can buy a big muffin for about $2.00 but
about 10 grapes cost $3.50. Due to the price differences, students do not have enough money
to buy the more expensive healthier food, so they resort to the sweet treats and snacks which
are much cheaper.
Also, it was noted that much more chips and sweets are offered on campus than fruit and
vegetables. The Café offers lots of snacks and the Scoop also offers snacks and sweets. These
places do not offer many nutrient-rich healthier options that are optimal for best academic
achievement.

CONCLUSION/DISCUSSION
This study was able to show what nutrients are best for academic performance. Fruit, fiber,
and dairy are shown to increase GPA while added sugars and sweetened beverages are shown
to decrease GPA. Also, a variation in a person’s diet is shown to help students at Bryant
University. Students that eat at Salmonson dining hall seem to earn a higher GPA versus
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students eating at other locations where only limited dietary options are offered such as
Nick’s Place.
At Bryant University the offered food options do not help students perform their best
academically. Students are offered more unhealthier snacks instead of fruits and vegetables.
There are more options for sweets such as muffins and cookies instead of options for fruit or
vegetables. The price difference in these two different options also encourage students to buy
sweets and chips instead of healthier options. Snacks with lots of added sugar are much
cheaper than healthier alternatives. When students are looking to buy food, they want to
ensure that their money lasts them as long as possible. Bryant University should try to add
more affordable healthier options with less added sugar to help students perform best
academically.

LIMITATIONS AND FUTURE RESEARCH
Both research methods employed had advantages but also some disadvantages. The survey
had to be a shortened version of a vetted national diet food frequency questionnaire in order to
ensure that students would complete the survey. One major limitation to this research design
is trusting the students to self-report accurately. Some students may have lied about their GPA
or what they ate because they felt guilty about either what their true GPA is or what they ate.
Also, this shortened version of the diet food frequency questionnaire does not give as much
insight into one’s true diet. Since there are fewer questions, it is harder to get a true insight
into what nutrients students digest and how much of those nutrients they digest based on
fewer questions, therefore fewer types of food were examined. If one has a unique diet and
does not eat the average food, it is harder to tell based off the shortened food frequency
questionnaire. Due to the size of this campus, there are not a lot of different options so most
of the students eat the same food so there was not much variety in the data. Also, a limitation
of this study was the amount of data collected. Due to the survey being a longer survey, even
though it was shortened, most students did not want to complete the survey which led to a
limited amount of data collected.
There are many different factors that affect one’s GPA in addition to nutrition. Study habits,
major, high school, parents’ income, circumstances growing up, and many others all play into
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one’s GPA. When creating the regression models, it would have been ideal to be able to
control for all of these variables to more accurately predict one’s GPA, but I was unable to
collect all of the information during this shortened survey.
Future research should focus on getting a deeper understanding of people’s nutrients absorbed
during various diets. Future studies could also include a full diet history questionnaire so a
better understanding can be achieved about one’s true diet and other factors affecting
cognitive functions during this very important time in students’ lives.
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APPENDICES
Appendix A – Percent of Participants by Class

Participants by Class

19%
30%

First Year
Sophomore
Junior

25%

Senior
26%

Appendix B –Percent of Participants by Gender

Gender Breakdown

42%

Male
Female

58%
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Appendix C – Percent of Honors Program Participants

Honors Program Participant

31%
No
Yes
69%

Appendix D – Average GPA by Gender and Grade

Average GPA
3.65

3.61

3.6

Average GPA

3.55
3.5
3.45
3.4

3.39

3.35
3.3
3.25

Male

Female
Gender
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GPA by Grade
3.80
3.69

Average GPA

3.70

3.68

3.60
3.50
3.39

3.40

3.37

3.30
3.20

First Year

Sophomore
Junior
Grade

Senior

Appendix E – Frequency of Nutrient Intake by Gender
What the Numbers Mean

Average Intake of Nutrients
Frequency of Nutrient Intake

4

0

Never

1

1 time per month

2

2-3 times per month

3

2 times per week

4

3-4 time per week

5

5-6 times per week

6

1 time per day

7

2 or more times per

3.5
3
2.5
First Year

2

Sophomore

1.5

Junior

1

Senior

0.5
0

Sweetened
Beverages

Fruit

Dairy

Added
Sugar

Fiber

Nutrient
day
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Appendix F – Correlation of Food’s with GPA
Correlation with GPA
Food

Male

Female

Cheese

0.389

0.221

Pizza

0.215

-0.382

Milk

-0.13

-0.121

Fruit

0.114

0.155

Juice

0.044

0.267

Cereal

0.021

0.023

Soda

0.131

-0.312

Drinks

-0.25

-0.283

Coffee with Sugar

-0.17

-0.185

Candy

0.019

0.036

Sweetened

Pastries

0.108

-0.158

Brown Rice

0.337

0.145

Vegetables

0.17

0.251

Salsa

0.276

-0.279
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Appendix G – Dairy Regression
Predicted GPA = 3.769 + 0.018 (Cheese) -0.0884 (Pizza) -0.01656 (Milk)

Dairy Intake

Dairy
8
7
6
5
4
3
2
1
0

0

1

2

3

4

5

GPA

Appendix H – Fruit Regression
Predicted GPA = 3.67 + 0.0223 (fruit) + 0.018 (juice)

Fruit Intake

Fruit
9
8
7
6
5
4
3
2
1
0

0

0.5

1

1.5

2

2.5
GPA
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Appendix I – Added Sugar Regression
Predicted GPA = 3.6315 - 0.002(cereal) -0.0382 (soda) - 0.0534 (sweetened drinks) - 0.035
(pastries) + 0.0526 (candy) - 0.01103 (coffee with sugar)

Added Sugar Intake

Added Sugar
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

0

0.5

1

1.5

2

2.5

3

3.5

4

GPA
Appendix J – Sweetened Drinks Regression
Predicted GPA = 3.76136 - 0.03249 (soda) - 0.04950 (sweetened drinks) -0.00367 (coffee
with sugar).

Sweetened Beverages
Sweetened Beverage Intake

8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

0

0.5

1

1.5

2
GPA
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Appendix K – Fiber Regression
Predicted GPA = 3.59 + 0.022 (cereal) + 0.012(brown rice) + 0.02 (cheese) - 0.058 (pizza) 0.032 (milk) - 0.026 (soda) -0.049(sweetened drinks) -0.04508 (candy) + 0.049 (vegetables) 0.061 (salsa)

Avgerage Fiber
6.00

Fiber Intake

5.00
4.00
3.00
2.00
1.00
0.00

0

0.5

1

1.5

2
GPA

2.5

3

3.5

Appendix L – Average GPA by Dining Location

Average GPA
Salmo

3.77

Dining Location

Cafe's

3.64

Other

3.53

Nicks Place

3.37

AIC Cafe

3.35
3.1

3.2

3.3

3.4
3.5
Average GPA
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Appendix M – Average GPA by Food Station in Salmonson Dining Hall

Average GPA by Food Station
Vegetarian

3.75

Salad Bar

3.63

Food Station

Classics

3.58

Asian

3.56

Simple Servings

3.56

Deli

3.47

Stir Fry

3.44

Pizza and Pasta

3.29

Grill

3.21
2.90

3.00

3.10

3.20

3.30
3.40
Average GPA

3.50

3.60

3.70

3.80

Appendix N – Prices of Snacks at Café’s
Chips/Candy

Price

Lays – Classic Chips, Sour Cream &

$1.29

Onion, Salt/Vinegar, BBQ, Cheetos,
Sunchips-Salsa, Cheddar, Plain

Sweets

Price

Muffins – Blueberry, Chocolate Chip, Coffee Cake,

$1.89

Double Chocolate Chip, Corn
Croissant

$2.29

Cookies – chocolate chip, oatmeal, sugar, M&M, triple

$1.69

chocolate1.69
Brownies – blondies, brownie, M&M Brownie
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$1.39
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Appendix O – Prices of Food at Nick’s Place

Food Item

Price

Grilled Chicken Breast

$5.49

Chicken Patty

$3.99

Chicken Caesar Salad

$6.99

Southwestern Chicken Salad

$6.99

Pizza

$4.69

Appendix P – Survey Questions
1. You are being asked to take part in a research study. The purpose of the research study
is to investigate how different nutrients consumed affect academic performance for
students attending Bryant University.

Please note that as a potential participant you must be a current full-time student at
Bryant University. If you agree to be in this study, it will take you approximately 5-7
minutes to complete this survey and is 37 questions. Questions will be asked about
what your daily diet looks like on average in the past month and your academic
performance. Your participation is voluntary and anonymous and no way to identify
individuals who complete this survey. There are no known risks or benefits. The
responses may be used in research finding within my honors thesis in an aggregate
fashion using total percentages so no one individual response will be highlighted on its
own.
The decision to participate in this study is entirely up to you. It is important to answer
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all the questions in this survey and you may refuse to take part in the study at any time
without affecting your relationship with the investigator of this study or Bryant
University. Your decision will not result in any loss of benefits to which you are
otherwise entitled. You have the right to withdraw completely from the survey at any
point during the process; additionally, you have the right to request that the researcher
not use any of your responses. You have the right to ask questions about this research
study and to have those questions answered by me before, during or after the research.
If you have questions about the study, at any time feel free to contact me.
Additionally, you may contact the Bryant Institutional Review Board (IRB) if you
have questions regarding your rights as a research participant. Also contact the IRB if
you have questions, complaints, or concerns which you do not feel you can discuss
with the investigator. If you would like to keep a copy of this document for your
records, please print or save this page now. You may also contact the researcher to
request a copy. By clicking "accept" below you indicate that you have read and
understood the participation authorization and volunteer to participate in this study.
Then please click the next arrow to proceed.
Thank you for your participation. If you have any questions about this study, please
contact me:
Sarah Freeman
E-mail: sfreeman1@bryant.edu
a. Agree
b. Disagree

2. What is your grade?
a. Freshman
b. Sophomore
c. Junior
d. Senior
3. What is your gender?
a. Male
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b. Female
c. Non-binary / third gender
d. Prefer not to say
4. Are you working in addition to attending school?
a. Yes
b. No
5. How many people lived in your family house when you were growing up?
a. 1
b. 2
c. 3
d. 4
e. 5
f. 6
g. 7
h. 8+
6. What is your current GPA (as of fall 2021 semester)? ___________
7. Are you an honors program participant?
a. Yes
b. No
8. What is your major?
9. What is your minor?
10. During the past month, how often did you eat hot or cold cereals?
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
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i. 2 or more times per day
11. During the past month, how often did you have any milk (either to drink or on
cereal)?
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
12. During the past month, what kind of milk did you usually drink?
a. Whole or regular milk
b. 2% fat or reduced fat milk
c. 1%, ½%, or low-fat milk
d. Fat free, skim or nonfat milk
e. Soy milk
f. Almond Milk
g. Oat Milk
h. Other
13. During the past month, how often did you drink regular soda or pop that contains
sugar? Do not include diet soda.
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
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h. 1 time per day
i. 2 or more times per day
14. During the past month, how often did you drink 100% pure fruit juices such as orange,
mango, apple, grape, and pineapple juices?
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
15. During the past month, how often did you drink sweetened fruit drinks, sports, or
energy drinks, such as Kool-Aid, lemonade, HiC, cranberry drink, Gatorade, Red Bull
or Vitamin Water?
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
16. During the past month, how often did you drink coffee or tea that had sugar or honey
added to it?
a. Never
b. 1-time last month
c. 2-3 times last month
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d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
17. During the past month, how often did you eat fruit? Include fresh, frozen or canned
fruit. Do not include juices.
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
18. During the past month, how often did you eat a-green leafy or lettuce salad, with or
without-other vegetables?
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
19. During the past month, how often did you eat any kind of fried potatoes, including
French fries, home fries, or hash brown potatoes?
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a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
20. During the past month, how often did you eat any other kind of potatoes, such as
baked, boiled, mashed potatoes, sweet potatoes, or potato salad?
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
21. During the past month, how often did you eat refried beans, baked beans, beans in
soup, pork and beans or any other type of cooked dried beans?
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day

- 34 -

Food for Thought: The Relationship between Nutrition and Academic Performance
Honors Thesis for Sarah Freeman
i. 2 or more times per day
22. During the past month, how often did you eat brown rice or other cooked whole
grains, such as bulgur, cracked wheat, or millet?
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
23. During the past month, not including what you just told me about (green salads,
potatoes, cooked dried beans), how often did you eat other vegetables?
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
24. During the past month, how often did you have Mexican type salsa made with
tomato?
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
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f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
25. During the past month, how often did you eat pizza?
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
26. During the past month, how often did you have tomato sauces such as with spaghetti
or noodles or mixed into foods such as lasagna?
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
27. During the past month, how often did you eat any kind of cheese? Include cheese as a
snack, cheese on burgers, sandwiches, and cheese in foods such as lasagna,
quesadillas, or casseroles. Do not include cheese on pizza.
a. Never
b. 1-time last month
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c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
28. During the past month, how often did you eat red meat, such as beef, pork, ham, or
sausage? Do not include chicken, turkey, or seafood.
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
29. During the past month, how often did you eat any processed meat, such as bacon,
lunch meats, or hot dogs? Processed meats are those preserved by smoking, curing, or
salting, or by the addition of preservatives. Examples are ham, bacon, pastrami,
salami, sausages, bratwursts, frankfurters, hot dogs, and spam.
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
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i. 2 or more times per day
30. During the past month, how often did you eat whole grain bread including toast, rolls
and in sandwiches? Whole grain breads include whole wheat, rye, oatmeal, and
pumpernickel. Do not include white bread.
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
31. During the past month, how often did you eat chocolate or any other types of candy?
Do not include sugar free candy.
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
32. During the past month, how often did you eat doughnuts, sweet rolls, Danish, muffins,
pan Dulce, or Pop-Tarts? Do not include sugar free items.
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
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e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
33. During the past month, how often did you eat cookies, cake, pie, or brownies? Do not
include sugar free kinds
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
34. During the past month, how often did you eat ice cream or other frozen desserts? Do
not include sugar free kinds.
a. Never
b. 1-time last month
c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
35. During the past month, how often did you eat popcorn?
a. Never
b. 1-time last month
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c. 2-3 times last month
d. 1 time per week
e. 2 times per week
f. 3-4 times per week
g. 5-6 times per week
h. 1 time per day
i. 2 or more times per day
36. What location do you eat from most on campus?
a. Salmo
b. Nicks Place
c. Cafe's
d. AIC Cafe
e. Other
37. In Salmo which station do you eat from the most?
a. Classics
b. Grill
c. Pizza and Pasta
d. Simple Servings
e. Soup
f. Vegetarian
g. Stir Fry
h. Lemon Grass
i. Deli
j. Other
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